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-300. The leap from in situ data to remote satellite observations has suffered from the lack of vertical dynamic characterization of the eddy field. The baroclinic instability largely responsible for eddy generation within western boundary currents and associated extensions may not be examined through surface observations alone. Before beginning the detailed examination, the mesoscale must be defined. For purposes here, the mesoscale is the residual after removing large-scale variations. The large-scale variability can dominate the ocean sea level anomaly and is due to processes such as the global steric anomaly, basin and gyre scale variations, and large-scale waves. The large-scale variations are computed from the altimeter observations by a simple spatial smoothing using e-folding length scales of 750 km zonally and 250 km meridionally. This anisotropic smoothing does not intend to imply that the mesoscale field is anisotropic, but rather the large-scale field is expected to have variations that are more coherent zonally than meridionally. Removal of this large-scale signal inevitably impacts the smaller scales, and the large-scale filter effects on the mesoscale must be examined. The spatially smoothed signal removed is intended to be larger than the expected mesoscale. However, there are regions (particularly in the equatorial areas) where this is not true. Thus a portion of the mesoscale is removed with the large-scale variability.
After a description of the altimeter data sets and removal of the large-scale signal (section 2), a binned covariance 
Altimeter Data Sets
The data used in this analysis are from the Geosat ERM, ERS-1, ERS-2, and T/P altimeter data sets. The T/P merged Geophysical Data Records ( Referencing the Geosat ERM data to the same time period of the T/P data is not possible by the same method used for the ERS data because the Geosat ERM and T/P data do not overlap. Instead, the mean sea level change at points where the Geosat ERM and T/P ground tracks cross is interpolated spatially. This interpolated field is then sampled at the Geosat ERM ground track points so that the Geosat sea level variations are referenced to the 6-year mean sea level of T/P.
The details of this procedure and analysis are described by Jacobs and Mitchell [ 1997] .
Binned Covariance
As discussed in the introduction, for the purposes of this analysis we define the mesoscale variability as the residual after removing a long-wavelength filtering of the altimeter data. Since this analysis derives mesoscale characteristics from the binned covariance function, large-scale variability may bias the binned covariance functions and produce unrealistically large length scales. The large-scale signals to be removed include processes such as the global steric anomaly, E1 Nifio, and variations in basin scale gyres. A smoothed SSH is computed from the altimeter data by using a Gaussian weighting with e-folding length scales of 750 km zonally, 250 km meridionally, and a 15-day timescale. All altimeter data are used in the smoothing since all data represent anomalies relative to the same time period and have been processed similarly. The interpolated field is sampled at the time and space locations of each altimeter satellite, and the large-scale interpolated field is removed from the data. The mesoscale field is the residual variability after removing the large-scale interpolation.
The filtering and removal of the large-scale field affect the smaller scales. The potential impact is examined in an idealized case. First, we represent an eddy by an isotropic sea level anomaly with an e-folding scale of 100 kin. The eddy is smoothed spatially by the large-scale filter, and the smoothed field is subtracted from the eddy (Figure 2 ). The same process is computed using idealized eddies with e-folding scales of 200 km and 300 km (Figure 2 ). The 100-km eddy amplitude is only slightly reduced by the large-scale removal. The 200-km eddy amplitude is reduced to 76% of its original, and the 300-km amplitude is reduced to 57% of its original. In addition, the eddy zonal extent is decreased. From these simple tests, we expect amplitudes of features at length scales much more than 200 km to be significantly damped. In order for an area to be dominated by length scales greater than 200 km after the filtering, there must be very little energy at length scales of less than 200 km. Another effect of the smoothing is that we expect the estimated zonal length scales to be slightly less than the true scales.
A binned covadance function is computed from the altimeter sea surface height variability data on a 2 ø latitudelongitude grid throughout the globe. The computation at each grid point proceeds identically and separately. First, all altimeter data within a 500-km distance of the given latitude and longitude are selected. Care is taken to avoid data contamination between separate basins. Data from the open Pacific Ocean should not be used in the binned covariance in the Japan/East Sea. Similarly, data in the Caribbean Sea should not influence results in the equatorial Pacific Ocean. To avoid these problems, a set of lines is defined on land masses so that ocean data points falling on opposite sides of a line are not included in the binned covariance.
For the binned covariance, the meridional and zonal lags range from -400 km to 400 km with a resolution of 10 km.
The binned covariance temporal lag range extends from 0 to 70 days with a resolution of 2.5 days. Negative time lags are not included, as the binned covariance function is reflectively symmetric about the zero lag point. Each point of the selected data set is related to every other point in the selected data set.
To reduce the effects of white noise, the contribution to the covadance function of each point with itself is not included.
The effect of white noise is to add a spike at the zero lag point. The zonal, meridional, and temporal lags are calculated, and the contribution of the two points to the binned covariance function is added. The temporal overlap of the T/P and ERS data in conjunction with the simultaneous inclusion in the covariance significantly aids toward filling bins between ground track points. 
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The values for x, y, and t are not taken as the bin position. As described in section 3, the data centroid within each bin gives its position. This functional form represents eddies as ellipses that propagate at fixed speeds in the meridional and zonal directions and decay with a given timescale. Certainly, more complicated functional forms may be applied. These may allow the ellipse major axis to be rotated from the purely meridional or the zonal directions. In addition, an alternate functional form may better represent the shape of the covariance function. However, the algorithm must apply this form throughout the globe, and it is difficult to provide a different form that simultaneously maintains similar simplicity and more accurately represents the mesoscale field throughout the world.
The functional fitting is performed by a least squares minimization. The minimization problem is nonlinear, and it is necessary to provide an accurate initial estimate for the functional parameters. The initial estimate uses propagation speeds based on computing the covariance centroid position at each time lag. Using the propagation speeds, the rate at which the peak covariance decays is computed to provide a time efolding scale. Initial estimates of spatial length scales are based on an averaging length scale at each lagged time. The initial estimate of the covariance amplitude is taken as the observed zero lag amplitude. We solve the nonlinear least squares process by minimizing each parameter independently. The minimization with respect to each parameter is repeated iteratively until the squared error to the binned covariance is minimized.
Results
The parameters defining the functional form (2) According to linear quasi-geostrophic theory, anomalies on a beta plane propagate westward with a speed determined by the vertical stratification [Pedlosky, 1987] . The vertical stratification leads to an expected length scale, the Rossby radius deformation, which may be determined in combination with density observations. The Rossby radius of deformation determined by Emery et al. 
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Thus the wavelength is taken to be 3 times the e-folding 
Sampling Requirements
We compare the sampling capabilities of the Geosat, T/P, and ERS 35-day repeat orbits relative to the mesoscale characteristics derived in this analysis (Plate 9). We use the term "design point" to refer to the combination of the distance between ground tracks at the equator and repeat period of a particular orbit configuration. For a single altimeter satellite, the product of the repeat cycle period and the distance between ground tracks at the equator is proportional to the orbit period. Thus there is a trade-off between the spatial sampling capability and temporal resolution. Each satellite can resolve only features that have length scales greater than the ground track separation and timescales greater than the repeat cycle time. The temporal and spatial resolution of an altimeter satellite may be viewed as an area covered in the wavelength-time period domain. Only wavelengths and time periods to the upper right of the satellite design point in wavelength-time period space are resolvable by a single satellite altimeter. This area may be restricted further by additional considerations such as the Nyquist frequency and the exact pattern in which the tracks are sampled. The design points of previous altimeter satellites are shown in Plate 9. If the orbit period of all satellites were equal, then all satellite design points would fall on the same line. However, since the T/P orbit period is longer than both the Geosat ERM and ERS orbit periods (since T/P is at higher altitude), the T/P design point falls slightly above the Geosat ERM and ERS line.
At the mission design stage, the design point of a single satellite altimeter may be placed anywhere along the single satellite line. The choice of time and length scales measured may be made to cover the largest portion of the mesoscale field as possible. The mesoscale characteristic time and zonal length scales are shown by the dots in Plate 9. The zonal length scale is divided by the cosine of latitude to account for the convergence of the satellite ground tracks with latitude.
The design point for the single altimeter should be chosen so that the area to the upper right of the point encompasses the largest possible portion of the mesoscale field. None of the single altimeter systems is capable of covering a majority of the range of the mesoscale field characteristics.
Two altimeter satellites may be coordinated in many different ways. For example, two satellites may be placed in the same ground track separated to reduce the repeat cycle by half. The satellites may also be placed so that the ground tracks interleave, reducing the spatial separation of the ground tracks by half. By coordinating two satellites in this manner the design point of the two-satellite system falls on a line that is to the left of the line of design points for a single-satellite system. The design point of a two-satellite system covers a larger region of the wavelength/time period domain than the single-satellite design point. Three coordinated satellites with equatorial track separation of 50 km and a 20-day repeat period are needed to cover a large portion of the mesoscale circulation. A less efficient system may be composed of two satellites with a 60-km equatorial separation and 25-day repeat. While one satellite is not capable of synoptically observing a majority of the mesoscale field, there are choices that provide better sampling capability. Of the previous ground tracks, the ERS 35-day repeat encompasses the largest portion of the mesoscale characteristics.
It should be noted that significant relaxation of these requirements might be made by using the altimeter data in either statistical or numerical ocean models. 
Conclusions
The length scales observed from the altimeter data are in general agreement with previous results. The spatial variations in the length scales are in agreement with Rossby radii, but the length scales are larger than the Rossby radii. Propagation speeds are in agreement with linear quasigeostrophic theory. Meridional eddy propagation velocities indicate a divergence of eddies at the equator and a convergence of the eddy field at about 15 ø in both the Southern and Northern Hemispheres. In order to continuously observe mesoscale features, a system of at least three coordinated altimeter satellites would be needed. However, this requirement may be relaxed by using the data through more advanced techniques such as assimilating the observations into ocean models.
